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months (OR, 6.469; 95% CI, 1.553-26.94), clinical response after 12 months (OR, 6.125; 95% CI, 1.330- 28.22) , and remission after 12 months (OR, 5.333; 95% CI, 1.132-25.12).
CONCLUSION-In an analysis of rectal tissues from treatment-naïve pediatric patients with IBD, we observed activation of a type 2 immune response during the early course of UC. We were able to distinguish patients with UC from those with colon-only CD based on increased mucosal expression of genes that mediate type 2 and type 17 immune responses. Increased expression at diagnosis of genes that mediate a type 2 immune response is associated with response to therapy and remission in pediatric patients with UC.
Keywords immune regulation; gene expression profile; prognostic factor; AUROC Type 2 inflammation has been implicated in the pathogenesis of ulcerative colitis (UC). 1, 2 Classic type 2 immune responses are defined by production of the cytokines IL-4, IL-5, and IL-13 by T helper cells and innate lymphoid cells and are involved in the expulsion of helminthes and the pathogenesis of allergic diseases. 3 UC, however, has been associated with an atypical type 2 immune response, with increased IL-5 and IL-13, but not IL-4. 2 Further studies have indicated pathogenic effects of IL-13 including activation of inflammatory colon mucosal natural killer T cells and impairment of epithelial barrier function. 4 The initial observation of this atypical type 2 immune response in UC originated from ex-vivo experiments with lamina propria immune cells isolated from surgical specimens from adults with IBD. 2 Whether type 2 inflammation is involved in UC patients at diagnosis, prior to treatments that affect the inflammatory response, or in pediatric UC remains unknown. Furthermore, it is unknown if patients with heightened type 2 inflammatory responses attain different clinical outcomes.
Distinguishing UC from Crohn's colitis can be a diagnostic challenge in pediatric patients. Regardless of diagnosis with UC or Crohn's disease (CD), a colitis phenotype is a common feature of pediatric IBD. UC and IBD-unclassified (IBD-U) account for 30-40 percent of pediatric IBD in the United States and Europe. [5] [6] [7] Furthermore, approximately 80 percent of children with CD have colonic involvement with 25 percent exhibiting a colon-only phenotype with no small intestinal involvement. 8, 9 Colon-only CD phenotype is even more common with younger age, occurring in about 40 percent of children under 10 years of age. 8, 9 Taken together, approximately 50% of pediatric IBD patients exhibit an isolated colitis phenotype. Many of these children exhibit overlapping or atypical features, which hinder rendering a specific diagnosis of CD or UC. 10 It is not known whether mucosal expression of genes associated with type 2 inflammation can distinguish UC and CD pediatric patients with isolated colitis phenotypes.
We hypothesized that treatment naïve pediatric patients with UC would exhibit increased mucosal type 2 immune responses compared to patients without IBD and Crohn's colitis, and that high expression of type 2 associated genes would be associated with poor response to therapy in pediatric UC. Here we applied a microfluidic real-time RT-qPCR array platform to determine rectal mucosal expression of genes associated with type 1, type 2, and type 17 inflammation in patients with UC, Crohn's colitis, and non-IBD controls from a large multi-center North American pediatric IBD inception cohort. We report that expression of genes associated with type 2 and type 17 immune responses distinguished two colon-only phenotypes of pediatric IBD: UC and colon-only CD Furthermore, we observed that a gene expression profile marked by detectable IL13 expression is associated with improved clinical outcomes in pediatric UC.
Materials and Methods

RISK Cohort Rectal RNA Samples
Rectal mucosal RNA samples from treatment-naïve IBD patients and non-IBD controls and associated clinical data were obtained from the RISK Study, a prospective observational IBD inception cohort sponsored by the Crohn's & Colitis Foundation of America. 1812 children and adolescents younger than 17 years, newly diagnosed with IBD and non-IBD controls, were enrolled at 28 North American pediatric gastroenterology centers between 2008 and 2012. All participants underwent baseline colonoscopy with confirmation of characteristic chronic active colitis and/or ileitis by histology prior to diagnosis and treatment. Institutional Review Board approval was obtained locally at each participating site. All endoscopic tissues obtained in the RISK study were stored in RNALater (ThermoFisher Scientific, Waltham, MA), thus RNA and DNA, but not protein, is available for study. This analysis included a representative subgroup of RISK participants with UC (n = 56), colon-only CD (CDc, n = 36), ileocolonic CD (CDic, n = 46), and non-IBD controls (n = 49). This constitutes all participants within RISK with rectal RNA that met study criteria for UC and CDc, and a random sample of those that met study criteria for CDic. Only patients with a confirmed diagnosis of CD, UC, or non-IBD based on standard clinical and pathologic criteria after a median 3.3 years follow-up were included in this analysis. To meet the study definition of CD in RISK, patients must eventually have been found to have at least two of the following: signs or symptoms consistent with CD (diarrhea, abdominal pain, rectal bleeding, malaise, weight loss, or linear growth failure), endoscopic findings of discontinuous ulceration or cobblestoning, and/or histopathologic findings of patchy inflammatory cell infiltrates or epithelial granuloma. Detailed granular data regarding anatomic disease involvement was obtained for all participants in the RISK cohort. For the purposes of this analysis, all participants with UC and CD must have exhibited macroscopic inflammation in the rectum at the time of biopsy collection. Participants with UC must have carried a latest diagnosis of UC, exhibited macroscopic inflammation in the rectum (since RNA analyzed in this study was isolated from rectal biopsies), absence of macroscopic inflammation in the ileum at their enrollment endoscopy, and absence of evidence of jejunal inflammation. Participants with CDc, must have carried a latest diagnosis of CD, and exhibited macroscopic inflammation in rectum with absence of macroscopic inflammation in the ileum or jejunum. Participants with CDic, must have carried a latest diagnosis of CD, and exhibited macroscopic inflammation in both the rectum and ileum. Non-IBD control participants must have carried a latest diagnosis of non-IBD and exhibited macroscopically and microscopically normal ileum and colon.
Cincinnati Cohort
Under a protocol approved by the Cincinnati Children's Hospital Medical Center Institutional Review Board, patients presenting for routine colonoscopy for clinical indications were enrolled in a separate independent local Cincinnati cohort for the purposes of validating the findings from the RISK cohort. Patients in the Cincinnati cohort were not in the RISK cohort. Clinical information was collected at the time of enrollment. Rectal biopsies were placed in RNALater and stored at −80°C. Only patients with macroscopic inflammation in the rectum at endoscopy were included in the analysis. H&E stained sections from rectal biopsies were scored by a pediatric pathologist blinded to diagnosis using the validated Robarts Histopathology Index (RHI). 11
Real-time RT-qPCR
For all RISK cohort RNA samples studied, rectal RNA integrity was determined using an Agilent 2100 Bioanalyzer instrument (Agilent Technologies, Santa Clara, CA). Only samples with an RNA integrity number ≥ 7 were included (95.5% of samples tested). Expression of 24 genes related to type 2, type 1, type 17, and regulatory immune responses (Supplementary Table 1 ) was determined by quantitative real-time reverse transcription PCR (RT-qPCR) in duplicate from 100 ng starting RNA using custom TaqMan array 384-well microfluidic cards on a 7900HT Real-Time PCR System (Thermo Fisher Scientific, Waltham, MA). The endogenous reference control was selected empirically by analyzing a subset of 16 samples (4 from each diagnosis group) with the TaqMan Human Endogenous Control Array (Thermo Fisher Scientific), which assesses expression of 16 genes known to exhibit minimal differential expression across tissues. Real-time RT-qPCR on rectal RNA from the Cincinnati Cohort was performed using a subset of individual gene expression assays from the custom microfluidic array. Relative expression was determined using a modification of the 2 −ΔΔCq method as previously described. 12 Briefly, ΔCq values were obtained by subtracting the target quantification cycle (Cq) from that of the reference gene. ΔCq values were then shifted such that expression in samples with undetectable expression (Cq > 40) was considered half that of the sample with the least detectable expression.
Outcomes
Outcomes assessed in the UC group included steroid-free, surgery free clinical response and clinical remission at 6 and 12 months. Clinical remission was defined as a physician's global assessment (PGA) of quiescent. The four PGA categories were quiescent, mild, moderate, and severe. Clinical response was defined a PGA of quiescent or mild with at least a 1 category drop in PGA between baseline and the indicated time point (i.e. if the patient was mild at baseline, they must have improved to quiescent). For both endpoints, patients must have been off systemic corticosteroids, with no prior surgery at the indicated time point.
Statistical Analysis
Statistical analyses were performed using SAS v9.3 (SAS Institute, Cary, NC). For gene expression array data from the Risk Cohort, we assessed global differences in expression for each gene amongst the 4 diagnosis groups using the nonparametric Kruskal-Wallis H test with false discovery rate (FDR) to control the type 1 error rate at 0.05. We then performed pairwise comparisons between diagnosis groups only for genes passing the omnibus test using the Mann-Whitney U test with FDR correction. Correlation of expression between genes was assessed by Spearman's rank correlation coefficient. Principle component analysis incorporating all array gene expression data was performed using Genespring GS (Agilent Technologies, Santa Clara, CA). We applied unsupervised hierarchical clustering (Genespring GS) to identify patient clusters with unique gene expression patterns. To validate gene expression differences discovered in the RISK Cohort in the independent Cincinnati Cohort, we compared expression of selected genes and RHI using the Kruskal-Wallis H test followed by pairwise comparisons using the Mann-Whitney U test only if the omnibus test was significant. In a sensitivity analysis to control for histologic disease activity within the local Cincinnati Cohort, patients with CD and UC were matched on RHI (within 1 point) and gene expression was compared using the Wilcoxon signed rank test. We assessed the performance of gene expression to distinguish UC from CDc and to predict clinical outcomes in UC patients using logistic regression. The regression model for distinguishing UC from CDc was internally validated across 1000 random samples of equal size using a random sampling with replacement bootstrap technique. To assess the contribution of degree of inflammation to the observed differences in gene expression between UC and CDc, bivariate logistic regression was performed for each target gene with significant differences in gene expression between UC and CDc and S100A8. A change in effect estimate between univariate and bivariate analysis with S100A8 of <10%, 10-20%, or >20% were interpreted as no, mild, or moderate confounding by S100A8, respectively. 13 S100A8 was forced into the final multivariate model for predicting UC from CDc to determine contribution of degree of inflammation to final model. Baseline characteristics amongst gene expression patient clusters were compared using the Kruskal-Wallis H test for continuous variables or chi-square test for nominal variables. The association between gene expression cluster and clinical outcomes in the UC group was assessed by Fisher's exact test.
Sample Size and Power
We determined that a sample size of 40 patients per-diagnosis group would provide 90% power to detect a 1.5-fold difference in expression while controlling the type I error rate at 1% for multiplicity.
Results
RISK Cohort rectal mucosal gene expression
Demographics and baseline characteristics of the subset of RISK Cohort participants studied for this analysis are detailed in Table 1 . There were no meaningful differences between the subset of RISK cohort patients included in this study and the overall RISK cohort other than for characteristics within the specific inclusion or exclusion criteria for this study (Supplementary Table 2 ). All participants with CDic, CDc and UC in the studied subset exhibited macroscopic rectal inflammation at endoscopy, compared to 67.5, 74.8, and 88.5 percent, respectively, in the overall RISK cohort (relative rectal sparing can be an atypical feature of pediatric UC). We only included participants exhibiting macroscopic rectal inflammation in order to limit the effect of differences in rectal inflammation on the analysis. Additionally, no patients in the studied subset of CDc participants exhibited jejunal inflammation compared to 9.5 percent of CDc participants in the overall RISK cohort. While jejunal involvement (Paris L4b) does preclude the designation of colon-only CD (Paris L2) based on the Paris classification, 14 we excluded participants with jejunal disease from our CDc group because these patients can be easily distinguished from UC patients based on anatomic disease distribution alone.
Amongst 16 candidate reference gene controls assessed, GAPDH exhibited the least variable expression across diagnosis groups (standard deviation of Cq = 0.55) and was included in the gene expression array as the endogenous control against which we normalized results.
Rectal relative expression of the 22 genes assayed normalized to median of non-IBD patients is detailed in Figure 1A (The assay for CLDN2 did not amplify and is excluded from the results). Compared to non-IBD patients, UC patients were the only group that exhibited significantly increased rectal expression of the genes for the type 2 cytokines IL5 and IL13 (no group exhibited significantly increased expression of IL4.) IL17A and IL23A were significantly increased in UC and CDc, but not CDic, compared to non-IBD. IFNG and IL22 expression were similarly increased in all 3 groups compared to non-IBD.
Compared to CDc patients with macroscopic rectal involvement, UC patients exhibited significantly increased rectal expression of genes associated with type 2 (IL5, IL13, IL13RA2, ICOS, and the transcript for membrane-bound IL-33 receptor, IL1RL1(m) and type 17 (IL17A, IL23A) immune responses. Of note, expression of the inflammatory marker S100A8, which encodes a subunit of calprotectin, was not significantly different between UC and CDc patients.
Consistent with the finding of elevated IL13 and IL17A expression in UC patients, we observed moderate correlation (r 2 = .18, P < .0001) between IL13 and IL17A expression amongst all IBD patients. However, amongst UC patients, we observed no significant correlation between IL13 and IL17A expression (r 2 = .057, P = .076).
Principal component analysis ( Figure 1B ), incorporating all genes analyzed, identified two groups of patients. Group 1 included most of the UC and CDc patients, whereas group 2 included most of the non-IBD patients. CDic patients were intermixed between the two principle component groups.
Unsupervised hierarchical clustering segregated patients into 5 clusters based on gene expression ( Figure 1C ). The largest aggregate of a single diagnosis was UC patients within cluster 2, which was defined by high expression of IL13 and IL5, and also high expression of CCL11, IL13RA2, CHI3L1, S100A8, IL23A and IL17A. Cluster 2 was composed of 59.1% UC patients (46.4% of all the UC patients) and 6.8% non-IBD patients. The remaining clusters were defined by differences in IL5 and IL13 expression, with more variable, and lower expression of the remaining genes compared to cluster 2. Cluster 4, which exhibited undetectable expression of IL5 and IL13, was comprised of the largest group of non-IBD patients (43.5% non-IBD, 40.8% of all the non-IBD patients). This unequal distribution of diagnoses amongst the clusters was statistically significant, while other baseline characteristics were similar ( Table 2) .
Validation of RISK Cohort differential rectal gene expression in Cincinnati Cohort
Demographics and baseline characteristics of patients in the Cincinnati cohort are detailed in Supplementary Table 3 . Rectal biopsies were analyzed from 17 non-IBD, 20 CD, and 14 UC patients. All CD and UC patients exhibited macroscopic inflammation in the rectum. As in the RISK Cohort, UC patients in our Cincinnati cohort exhibited increased rectal expression of IL5, IL13, IL13RA2, IL17A, and IL23A compared to CD patients with colitis and non-IBD patients (Figure 2A ). Also consistent with the RISK Cohort findings, UC and CD patients exhibited similarly increased IFNG expression compared to non-IBD patients.
We sought to compare rectal histopathologic disease activity between the macroscopically involved rectums of CD and UC patients in the Cincinnati Cohort, acknowledging the challenge that there exists no histopathologic index validated for pediatric UC or CD, or for comparing between CD and UC patients. Therefore, histopathologic activity was compared between patient groups using the RHI, a validated UC index that assesses the following features common to both UC and CD: chronic inflammatory infiltrate, lamina propria neutrophils, neutrophils in the epithelium, and erosion or ulceration. 11 Median RHI was significantly higher in the macroscopically inflamed rectums of UC compared to CD patients ( Supplementary Figure 2A) . Therefore, to determine whether differences in gene expression are explained by differences in histopathologic severity, we performed a sensitivity analysis comparing gene expression between a subset of 10 UC and CD patients matched on RHI (Supplementary Figure 2B and 2C ). In this smaller subset of RHI-matched patients, there was significantly increased rectal relative expression of IL13 and IL13RA2 in UC compared to CD patients. Furthermore, other gene expression relationships between UC and CD were maintained with numerically (but not statistically significantly) increased relative expression of IL17A, IL23A and IL5, and equivalent IFNG expression in UC compared to CD.
To determine if healing on treatment is associated with changes in IL13 and IL17A expression, we compared mucosal gene expression between UC patients in the Cincinnati cohort, all with active endoscopic disease, to three additional UC patients with complete mucosal healing on treatment (Mayo endoscopic score = 0; all female; ages 7, 9, and 20 years; healing achieved on 6-mercaptopurine + infliximab, 5-ASA alone, and 5-ASA and oral corticosteroids, respectively). Both IL13A and IL17A expression were significantly decreased in the patients with mucosal healing compared to those with active endoscopic disease ( Figure 2B ).
IL5 and IL17 expression distinguish UC from Colitis-only CD
To determine the ability of gene expression to discriminate UC from CDc, we applied univariate logistic regression using only the genes with significant differential expression between UC and CDc (Supplementary Table 4 ). Using multivariate logistic regression, we determined that a model including IL5 and IL17A gene expression best balanced parsimony with discriminatory ability (P = .001, area under the curve [AUC] = 0.72) (Table 3, Figure  3A ). We internally validated the model using bootstrap random sampling with replacement and demonstrate that the bootstrapped estimates for the ORs for both IL5 and IL17A were Although there was not a significant difference in S100A8 expression between UC and CDc, we sought to determine the degree to which difference in other genes were confounded by general inflammatory activity. For genes that exhibited significantly different expression between UC and CDc, we compared the effect estimate obtained by univariate analysis, to that obtained by bivariate analysis with S100A8 (Supplementary Table 5 ). We detected no evidence of confounding by S100A8 (<10% change in effect estimate) for IL5, IL1RL1(m), IL17A and IL23A, evidence of only mild confounding (10-20% change) for IL13, and evidence of moderate confounding (20-30%) for IL13RA2 and ICOS. Furthermore, when S100A8 is forced into our final model with IL5 and IL17A, S100A8 does not contribute any predictive value for UC over CDc to the model, and the overall model characteristics and performance are unchanged with an unchanged AUC of .72 (Supplementary Table 6 ).
Gene expression predicts clinical outcome in UC patients
Of the 56 UC patients in the RISK cohort we studied, outcome data was available for 44 and 37 patients at 6 and 12 months, respectively. We applied univariate logistic regression to determine whether any of the 6 genes with differential expression between UC and CDc predicted steroid-free clinical remission or response at 6 or 12 months (Supplementary Table  7 ). We found that higher IL13 expression was significantly associated with increased likelihood of clinical response at 6 (odds ratio [OR] 1.182, 95% confidence interval [CI] 1.028-1.359) or 12 months (OR 1.172, 95% CI 1.012-1.359), and a trend toward association with clinical remission at 12 months (OR 1.126, 95% CI .978-1.297). We then assessed whether the unsupervised clustering based on gene expression predicted clinical outcomes in UC patients. We observed that patients in clusters 1, 2 and 3 were significantly more likely to demonstrate clinical response at 6 months (trend for remission), and clinical response and remission at 12 months, compared to those in clusters 4 and 5 ( Table 4 ). The major distinguishing gene expression difference between these groups is increased IL13 gene expression in the clusters 1-3 with essentially undetectable IL13 expression in clusters 4-5. Baseline characteristics and medication exposures by 6 and 12 months were similar between UC patients in clusters 1-3 compared to clusters 3-4, with the exception of exposure to anti-TNF biologics, which occurred numerically, but not statistically significantly, more often in cluster 4-5 (Supplementary Table 8 ). By 6 months 16.1 percent of patients in clusters 1-3 and 30.8 percent of patients in clusters 4-5 were exposed to an anti-TNF biologic drug (P = .414), and 25.0 percent of patients in clusters 1-3 and 54.5 percent of patients in clusters 4-5 by 12 months (P = .131). It is likely that the numerically increased and earlier infliximab exposure in clusters 4-5 is an additional reflection of the poorer clinical response of this group to first line therapies (i.e. corticosteroids, 5-aminosalicylates, and thiopurines) compared to that of patients in clusters 1-3. We did not find any association between IL13 expression or gene expression cluster and clinical outcomes in CD.
Discussion
In a well-characterized treatment-naïve pediatric IBD inception cohort, we demonstrate that the rectal mucosa of pediatric UC patients is distinguished from that of patients with colononly Crohn's disease by increased expression of genes associated with type 2 and type 17 immune responses. This finding is not explained by differences in overall inflammation as measured by S100A8 expression. Furthermore, in an analysis of prospective data from this cohort, we show that heightened rectal mucosal IL13 expression at baseline is associated with improved clinical outcomes in pediatric UC.
The involvement of type 2 inflammation in the pathogenesis of UC has been debated in the literature. Fuss and colleagues first described disparate cytokine secretion from lamina propria mononuclear cells (LPMCs) isolated from surgical specimens of adults with UC and CD, with those from UC patients producing increased IL-5 and IL-13 and those from CD patients producing IFN-γ. 1, 2 The same group went on to demonstrate that the IL-13 is produced by natural killer T (NKT), and that both IL-13 and NKT cells disrupt epithelial barrier function. 2, 4 Accordingly, we have previously demonstrated increased epithelial activation of STAT6, a transcription factor downstream of IL-13 signaling, in pediatric UC. 15 However, other groups have not detected increased IL-13 production either from LPMCs or colon tissue of adult or pediatric patients, respectively, with UC, perhaps due to differences in the ex vivo experimental techniques for studies. 16, 17 Here we provide strong evidence from a large well-characterized cohort that mucosal type 2 immune responses are involved in the early course of pediatric UC.
Our finding of increased IL17A expression in UC is in line with recent observations by others. The ratio of mucosal IL17A to IL17F expression has been shown to significantly correlate with endoscopic disease activity in adult UC. 18 In addition, increased dual expression of IL17A by CD4 + CD25 − regulatory T cells expressing surface TGF-β in its latent form (LAP + ) reduces the suppressor activity of these cells in UC. 19 A number of groups have examined the ability of measures of immune response type to discriminate CD from UC in adults, but none have made distinctions between CD anatomic sub-phenotypes or studied exclusively newly diagnosed treatment-naïve patients. 12, 20, 21 A cross-sectional study of adult patients from Japan similarly showed increased mucosal IL13 gene expression in UC compared to Crohn's disease, and that a panel of genes associated with adaptive immune responses could distinguish the two. 12 Similarly, another group demonstrated that the higher mucosal type 2 and lower type 1 T cells as measured by flow cytometry distinguishes UC from CD in adult patients. 20 Using a discovery cohort of established patients, they showed that a model including the percent of CD4 + T cells positive for IFN-γ, T-bet, IL-13, and Gata3 was predictive of CD over UC, and validated the model in a small cohort of newly diagnosed patients. However, in the former study, tissues samples were taken from both the colon and the ileum, and in both studies, patients had a mean disease duration of at least 8 years, were on variety of immune suppressive treatments, and the CD groups included patients with ileitis, ileocolitis, and colitis. Our study substantially builds on these prior findings with the demonstration that in a large cohort of newly diagnosed treatment naïve pediatric patients, rectal type 2 and type 17 gene expression not only distinguishes UC from CD, but distinguishes UC from colon-only CD. By studying tissues from newly diagnosed pediatric patients, our findings provide insight regarding the mucosal immune response from arguably the earliest practical opportunity in the disease course to study IBD. Since patients are treatment naïve, we are assured that the findings are not influenced by medications with profound effects on immune function. Furthermore, since colitis-only CD is more common in children than adults and can be difficult to distinguish from UC, our study addresses an important clinical problem. Some have proposed that Crohn's colitis should be considered a distinct disease entity from ileal CD. A recent genome wide association study meta-analysis demonstrated that the based on the relative genetic risk for CD versus UC, CDc and CDic are best characterized as intermediate phenotypes between UC and CD ileitis (with CDc being intermediate between UC and CDic). 22 In our immune gene expression panel, IL17A was intermediately expressed in CDc and significantly different from expression in UC and CDic. CCL11 also exhibited significantly increased expression in CDc compared to CDic, similar to in UC. Our PCA analysis, which incorporates the collective differences from all the genes analyzed, aggregates CDc patients closer to UC patients, supporting the notion of CDc representing an intermediate phenotype based on gene expression as well as genetic make-up.
Contrary to our initial hypothesis, we observed that pediatric UC patients with a gene expression pattern marked by increased IL13 expression achieve higher rates of steroid-free clinical response and remission, and that IL13 gene expression alone was directly associated with clinical response at 6 and 12 months. The newly diagnosed patients in this study received standard of care treatment at the discretion of the treating physician. Others groups have examined markers of adaptive immune responses primarily with regard to response to anti-TNF therapy in adult UC. In a cohort of adults patients with UC, higher mucosal IL17A and IFNG gene expression was associated with remission after infliximab induction therapy. 23 IL13 expression was not assessed in this study. With regard to markers of type 2 immune responses, one group observed fewer Gata3 + lamina propria T cells in UC patients responding to anti-TNF agents compared to those without response. 20 Additionally, IL13RA2 was amongst several genes identified in a mucosal genome-wide expression study as associated with non-response to infliximab in UC. 24 We did not observe any significant associations between IL17A, IFNG or IL13RA2 and clinical outcomes in this pediatric UC cohort. The discrepancies between our results and those of other groups is likely due to our patients being assessed prior to any IBD-directed therapy, with many achieving remission on either 5-ASA or immunomodulator drugs. Only one third of the UC patients in our group were ever exposed to an anti-TNF drug, whereas the patients in these studies were refractory to first-line therapies with response specifically to anti-TNF drugs being assessed.
There are two potential explanations as to why increased mucosal IL13 expression at baseline predicts improved clinical outcomes. Investigations by our group and others have supported a pathogenic role for IL-13 and type 2 immune responses in human UC and several murine models of colitis including oxazolone-induced colitis and spontaneous colitis in Wiskott-Aldrich syndrome protein-deficient and T cell receptor-α-deficient mice. 2, 4, 15, [25] [26] [27] [28] [29] [30] [31] If IL-13 is indeed part of a pathogenic type 2 immune response, then our results suggest this pathway is sufficiently suppressed by standard initial therapy, and that a subset of patients with increased IL13 expression may be more responsive to treatment. Indeed, we observed that mucosal expression of IL13 was significantly decreased in patients with therapy-induced mucosal healing compared to those with active disease.
However, the failure of two phase IIa clinical trials of anti-IL-13 monoclonal antibodies for the treatment of UC to meet their primary endpoints, draws into question the notion of a pathogenic role of IL13 in UC (although one study did meet significance for important secondary endpoints including clinical remission). 32, 33 It is also possible improved outcomes in high IL13-expressers is due to a protective effect exerted by IL-13 induced in the context of inflammation. Amongst UC patients in this study, we did not observe a correlation between IL13 and IL17A expression, suggesting the production of IL13 may be independent of a Th17 immune response. Indeed, some groups have observed beneficial roles for IL-13 with regard to epithelial wound healing and goblet cell function (the latter particularly with regard to helminth expulsion). [34] [35] [36] IL-10-deficient mice also deficient for IL13RA2, the gene for a neutralizing receptor for IL-13, exhibit decreased inflammation when challenged a parasite or a non-steroidal anti-inflammatory drug, suggesting IL-13 activity is protective in these models. 37 Lastly, IL-33-dependent group 2 innate lymphoid cells (ILCs) that produce IL-5, IL-13, and the epidermal growth factor ligand amphiregulin limit inflammation induced from epithelial damage in dextran sodium sulfate-induced colitis in mice. 38 In line with this last concept, we observed increased expression of the transcript for membrane-bound IL-33 receptor, one marker of group 2 ILCs, in UC compared to both CD and non-IBD.
There are several notable strengths to our study. First, our findings are from newly diagnosed treatment-naïve pediatric patients, and, thus, are not influenced by treatment. Second, the cohort was meticulously characterized allowing us to examine distinct CD anatomic subphenotypes. Third, the differences we observed were derived from examination of exclusively rectal samples all from patients with documented rectal involvement. Fourth, we validated gene expression differences between colitis diagnoses in an independent local cohort. A weakness of this study is that only gene expression and not protein abundance was assessed. Tissue samples from the RISK cohort were not collected in a manner conducive to protein analysis. While cytokines and other proteins may be regulated at the translational or post-translational level, cytokine gene expression measured by real-time RT-qPCR generally correlates quite well with measures of protein abundance. [39] [40] [41] Additionally, while we did not observe differences in the expression of the type 1 cytokine INFG or transcription factor TBX21 between UC and CD, we did not measure expression of other type 1 cytokines such as IL12 or TNFB, thus limiting the conclusions we can draw regarding the relative contribution of a type 1 immune response to UC and CD.
In conclusion, our data support a role for mucosal type 2 inflammatory responses in the early course of pediatric UC. In treatment-naïve pediatric patients, UC is distinguished from Crohn's colitis, and specifically colon-only CD by increased expression of genes associated with type 2 and type 17 immune responses. Furthermore, an immune gene expression profile marked by elevated expression of the type 2 cytokine IL13 is associated with improved clinical outcomes in pediatric UC. Future studies are warranted from large UC cohorts to determine whether a type 2 gene expression predicts response to specific UC therapies with the ultimate goal of directing therapies based on patient immunophenotype. Results of microfluidic RT-qPCR gene expression array on rectal mucosal RNA from RISK cohort patients. (A) Box and whisker chart depicting gene expression for each target gene on the array for each IBD diagnostic sub-phenotype normalized to median expression of the non-IBD patient group (boxes represent median and interquartile range, whiskers represent the 95% confidence interval). (B) PCA plot demonstrating separation of two groups of patients with UC and CDc clustering in group 1 and non-IBD in group 2. (C) Dendrogram and heatmap depicting the results of unsupervised hierarchical clustering using genes with differential expression between at least two diagnosis groups. UC patients aggregate within cluster 2, which exhibits high expression of IL13, IL5, and IL17A. IL1RL1(m) and ILRL1(s), transcripts for the membrane-bound and soluble versions of the IL-33 receptor, respectively. *P < .05, **P < .01, ***P < 0.001; # P < .05, ## P < .01, and ### P < 0.001 vs. non-IBD (all P values are FDR-corrected) Table 2 Comparison of baseline characteristics between gene expression patient clusters Frequencies are reported as n meeting endpoint / n in group (%) * Odds of attaining endpoint for patients in cluster 1, 2, or 3 compared to those in cluster 4 or 5. CI, confidence interval; Cq, quantification cycle; OR, odds ratio
